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Abstract 19 
A zoisite group of mineral samples from different localities are used in the present 20 
study. An EPR study on powdered samples confirms the presence of Mn(II), Fe(III) and 21 
Cr(III) in the minerals. NIR studies confirm the presence of these ions in the minerals.   22 
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Introduction 25 
 26 
The epidote group comprises a widespread and chemically complex family of rock 27 
forming silicates whose composition can be represented as  28 
        A2M3Si3O12OH.  Where A = Ca. La, Y,Th, Fe(II) and Mn(II), 29 
                                     and M = Al,Fe(III), Mn(III), Ti(III). 30 
    La, Y, Th are also known to be present in which case 2   31 
    atoms La and Y will substitute for 3 Ca atoms and one  32 
   atom of Th will replace two atoms of Ca. 33 
 The members of the family are  34 
1. Zoisite   Ca2Al Al2O OH Si2O7 SiO4 35 
2. Epidote  Ca2Fe Al2O OH Si2O7 SiO4 36 
3. Pemontite  Ca2(Mn,Fe,Al)3O OH Si2O7 SiO4 37 
4. Allanite  (Ca,Mn)2 (Fe,Al,Ce)3O OH Si2O7 SiO4 38 
 39 
Zoisite, a rock-forming mineral, is a basic calcium and aluminium silicate with 40 
orthorhombic structure. The important substitutents are Mn, Cr, and rare earth 41 
elements.[1].  Literature survey reveals that the relative concentrations of di-, tri- and 42 
tetravalent cations are identical in zoisite and epidote but that the Fe content in zoisite 43 
(about 2–3.5 wt% Fe2O3) is generally less than in epidote (about 9–12 wt% Fe2O3).  [2].   44 
Zoisite containing some iron replacing aluminum may be identical in composition with 45 
an epidote ("clinozoisite") poor in iron [3.].  A similar situation occurs in clinozoisite in 46 
that the manganese is replaced by calcium in the distorted octahedral position with 47 
oxygen ligands. It is in agreement with ionic radius and charge considerations [3,4].  Also 48 
Mn(II) ions in zoisite occupy the Ca sites because of ionic radius and charge 49 
considerations [4].  Zoisite is again classified into zoisite, clinozoisite and chrom-zoisite.  50 
Manganese rich variety of the mineral zoisite is called thulite or rosaline. Clinozoisite is 51 
poor in iron and its composition is identical with epidote mineral.  Chromium containing 52 
zoisite is called as chrom-zoisite. (Thulite was first discovered in Lom, Norway in 1820. It is 53 
named after the mythical island of Thule in the belief that the island is Norway). The cell 54 
parameters of zoisite are a = 16.212, b = 5.559 and c =10.036 A.U. where as for the 55 
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clinozoisite cell dimensions are a = 8.879, b = 5.583 and c = 10.155 A.U. [5]. Crystal 56 
chemistry of synthetic strontium containing solid-solution series of zoisite and 57 
clinozoisite was studied by Dorsam et al., [6].  Local relaxations around Fe(III) and 58 
Cr(III) in Al sites in minerals were studied [7]. Thulites from different localities were 59 
investigated by X-ray and by electron microprobe analysis. It is suggested that low MnO 60 
values in the range 0.05 to 0.9 wt % cause pink colour in thulites, regardless of symmetry 61 
[8]. Fe content in zoisite is about 2-3.5 wt%  of Fe2O3  [2] The chemical analysis of 62 
zoisite is reported and reveal that FeO is present  0.196 wt% and MnO = 0.37wt%. [9], 63 
where as the optical absorption and EPR spectral were studied on clinozoisite [10, 11]. 64 
During hydrothermal alteration, V and Cr were scavenged by fluids from the graphitic 65 
gneisses, and fixed by the oxide and silicates [12] 66 
 67 
Experimental 68 
Mineral samples of zoisite ( LOM, OPPLAND, Norway), clinozoisite (Gavilanes, 69 
Baja California, Mexico)  and chrom-zoisite (Merkerstein, Tanzania, East Africa) 70 
supplied by MCR  USA  are broken from deeply colored crystals  and used in the present 71 
work.  72 
 73 
EPR spectra of the samples in powder form are recorded at room temperature 74 
(RT) on a JEOL JES-TE100 ESR spectrometer operating at X-band frequencies ( = 75 
9.37978 GHz for zoisite,  = 9.38376 GHz for clinozoisite and  = 9. GHz for chrom-76 
zoisite respectively).  For chrom-zoisite EPR spectra is also recorded at liquid nitrogen 77 
temperature (LNT) on the same ESR spectrometer operating at X band frequency ( = 78 
9.38064 GHz), having a 100 kHz field modulation to obtain a first derivative EPR 79 
spectrum. Optical absorption spectra of all the compounds are recorded at RT on Carey 80 
5E UV Vis-NIR spectrophotometer in mull form in the range 200-1500 nm. 81 
 82 
Band component analysis was undertaken using the Jandel “PEAKFIT” software 83 
package which enabled the type of fitting function to be selected and specific parameters 84 
to be fixed or varied accordingly. Band fitting was carried out using a Lorentz–Gauss 85 
cross product function with a minimum number of component bands used for the fitting 86 
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process. The Lorentz–Gauss ratio was maintained at values greater than 0.7 and fitting 87 
was undertaken until reproducible results were obtained with squared correlations of r2  88 
greater than 0.9975.  89 
 90 
EPR Spectral analysis: 91 
 92 
 The studied zoisites from different regions are different in colour and in chemical 93 
compositions. The comparison between EPR spectra of all the mineral samples reveals 94 
some characteristic features. Fig.1 shows the EPR spectrum of zoisite, recorded at room 95 
temperature (RT) from 0 to 400 mT (in Fig. 1 as A), 250 to 370 mT (in Fig.1 as B).   The 96 
EPR spectra of clinozoisite recorded at RT at different ranges [from 0-500 mT (in Fig.2 97 
as A), 75-225 mT (in Fig.2 as B) and 275-425 mT (in Fig.2 as C)] are shown in Fig 2. 98 
EPR spectrum shown in Fig.3 is that of chrom-zoisite, recorded at room temperature in 99 
the range of 0 to 400 mT in Fig. 3A and that liquid nitrogen temperature in the range of 100 
235 to 435 mT in Fig.3 B. The figures indicate several resonances.   101 
 102 
All the figures contain a series of lines of various intensity and width.  The g 103 
values obtained for the three peaks in all the samples is almost the same and are given in 104 
Table 1. These three peaks can be attributed to Fe(III) impurity in the compound.  It is 105 
well known that Fe(III) samples exhibit a series of g values ranging from 0 to 8.  This is 106 
due to the fact that the three Kramer’s doublets S=5/2 split into S5/2, S3/2 and 107 
S1/2 separated by 4D and 2D respectively where D is the zero field splitting 108 
parameter.  Depending on the relative populations of these doublets, one observes g 109 
values ranging from 0 to 8.0.  Hence the three g values observed for the samples indicate 110 
that Fe (III) is under a strong tetragonal distortion [13]. The second part indicates the 111 
presence of Mn(II) impurity in all the minerals.  Since S = 5/2 for Mn(II) and  55Mn has  a 112 
nuclear spin  of 5/2, one expects a sextet, corresponding to the transition +1/2   -1/2 113 
The other four transitions, i.e., 5/2   3/2 and  3/2    1/2> are not seen due to 114 
large anisotropy.  The observed g and A values are also listed in Table 1.  The sharp line 115 
noticed in zoisite and clinozoisite may be due to the free radical with g value 1.995, 116 
which may be ascribed to carbonate.            117 
 118 
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Cr(III) being a d3 ion, the ground state is four fold spin degenerate with MS = 119 
+3/2, +1/2, -1/2 and – 3/2.    In the cubic field no splitting of these levels takes place and 120 
therefore the magnetic field leads to an equidistant splitting.  This gives rise to only one 121 
single line in the EPR spectrum.   In non-cubic fields the degeneracy is partially lifted 122 
and one can observe three resonances corresponding to the transitions   |-3/2  |-1/2,   123 
|-1/2  |1/2 and |1/2  |3/2 at gB – 2D, gB and gB + 2D respectively. Where 124 
D is zero field splitting parameter. In a powder spectrum, mainly the perpendicular 125 
component is visible. If all the three transitions are observed, similar to Cr3+ in other 126 
compounds [14], the separation between the extreme sets of lines [gB + 2D –(gB –2D 127 
)] is 4D.  However if D = 0, one can observe a single line at g ~ 1.98.  On the other hand, 128 
if D is very large compared to microwave frequency, a single line occurs around g = 4.0 129 
[15]. 130 
 131 
   The EPR spectrum of the chrom-zoisite is recorded at LNT and shown in Fig.3B. 132 
The spectrum is entirely different when compared with that obtained for other zoisites. 133 
The line marked by # has a g value 1.99 This can be attributed to the transition |-1/2  134 
|1/2  of Cr(III) ion.  By assuming (a, b and c resonances shown in Fig.3B) the separation 135 
is equal to 4D, the calculated value of D is 42.5 mT.  136 
 137 
 138 
Fig. 3B. EPR spectrum of chrom-zoisite recorded at LNT ( = 9.38064 GHz) 139 
 140 
 141 
Table 1 142 
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 143 
EPR parameters for zoisite, clino-zoisite and chrom-zoisite samples at RT 144 
Sample Fe(III) g values Mn(II) Free 
radical
Cr(III) 
g  A 
(mT)
g A 
mT 
 
Zoisite (RT) 
 
Clino-zoisite 
(RT) 
 
Chrom-zoisite 
(RT) 
(LNT) 
 
6.30 
 
6.70 
 
 
 
6.35 
 
4.35 
 
4.30 
 
 
 
4.10 
 
2.96 
 
-- 
 
 
 
2.95 
 
2.00 
 
2.00 
 
9.2 
 
9.2 
 
 
 
 
8.7 
 
1.995 
 
1.995 
 
 
 
 
-- 
 
 
 
 
 
 
 
 
1.99 
 
 
 
 
 
 
 
 
42.5 
 145 
NIR Studies 146 
 147 
 The NIR spectrum of zoisite sample is shown in Fig. 4.   In the NIR region, 148 
several bands are observed in the sample.  These bands are due to overtones and 149 
combination tones of water fundamentals.   150 
Water has C2v symmetry and gives three fundamental modes.  They are υ1, υ2 and υ3.  υ1 151 
is the symmetric OH stretch, υ2 is H-O-H bending mode and υ3 is the asymmetric OH 152 
stretch.  In vapour phase, these modes occur at 3650 (υ1), 1595 (υ2) and 3755 (υ3)    cm-1, 153 
[16] whereas in solid these they appear at 3220, 1620 and 3400 cm-1 respectively [17].  154 
The shifting of υ1 and υ3 towards the lower frequency side and υ2 towards higher 155 
frequency is due to hydrogen bonding [18].  The most common feature in NIR spectrum 156 
of silicate minerals at 7140 cm-1 is due to overtone of OH (2OH)[18].  Accordingly the 157 
moderate intense band observed at 7220 cm-1 in clino-zoisite (Fig.5) and the similar 158 
intensity band in chrom-zoisite (Fig.6) and weak band at 7195 cm-1 in zoisite is assigned 159 
to first overtone of OH- group in the minerals.  The sharp band observed at 8230 with 160 
split component at 8400 cm-1 in zoisite, Cr-zoisite and band at 8330 cm-1  is assigned to 161 
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the combination of (3400 + 1620 + 3220 = 8240 cm -1)  1 + 2 + 3 of water 162 
fundamentals.  163 
In general whenever water is present in compound a characteristic band appear 164 
around 7000 cm-1 due to 23.  When the band is broad it indicates that water molecules 165 
are relatively distorted and when the bands are sharp it indicates that water molecules are 166 
located in well defined ordered sites [18]   Accordingly very sharp maximum absorption 167 
bands observed at 6990, 6710 cm-1 in clino-zoisite and chrom-zoisite, sharp absorption 168 
bands at 6970, 6980 cm-1 in zoisite are assigned to the first fundamental overtone of the 169 
OH- stretching mode.  This suggests that in clino-zoisite and chrom-zoisite water 170 
molecules are located in well defined ordered sites than zoisite.  For high wave number 171 
region of NIR spectrum, the electronic bands due to characteristic of Fe
2+ 
and Fe
3+ 
ions 172 
are observed.   In all the samples with all most same intensity band observed around 173 
10750 cm-1 [10750 cm-1 in \chrom-zoisite, (average of 10870, 10470 =10670 cm-1 in 174 
clino zoisite and average of 10930,10530 =10715 cm-1 in zoisite] is assigned to the two 175 
components of the transition 
5
T
2g 
→ 5E
g 
. This may be due to trace of Fe(II) present in the 176 
sample 177 
 178 
179 
 180 
Fig. 4. NIR spectrum of zoisite mineral at room temperature  181 
 182 
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 183 
Fig.5. NIR spectrum of clino-zoisite mineral at room temperature  184 
 185 
 186 
Fig.6. NIR spectrum of chrom-zoisite mineral at room temperature  187 
 188 
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 190 
Charge transfer spectrum 191 
     Charge transfer spectra of the zoisite mineral recorded from 200 to 400 nm is shown 192 
in Fig. 7. . Fig.8 shows the charge-transfer spectrum of clino-zoisite, recorded at room 193 
temperature (RT) in the range 200-400 nm. Fig.9 is that of chrom-zoisite, recorded at 194 
room temperature in the range of 200 to 400 nm.  The figures indicate several charge 195 
transfer bands of various intensity and width.  The energies obtained for the bands in all 196 
the samples are almost same and are given in Table2. 197 
 198 
 Table 2 199 
Charge transfer band headed data in zoisite group of minerals. 200 
Zoisite Clino-zoisite Chrom-zoisite 
Wave length 
(nm) 
Wave number 
(cm-1) 
Wave length 
(nm) 
Wave number 
(cm-1) 
Wave length 
(nm) 
Wave number 
(cm-1) 
200 
225 
 
260 
325 
50000 
44440 
 
38460 
30770 
-- 
225 
 
275 
325 
-- 
44440 
 
36360 
30770 
200 
225 
245 
285 
325 
50000 
44440 
40815 
35085 
30770 
 201 
 202 
The occurrence of ligand to metal charge transfer transition (LMCT) bands can be 203 
expressed in terms of optical electro negativities of X ligand and X metal.  We propose 204 
the wave number of the transition is expressed as  Ml XXC  [19].  Here C = 30000 205 
cm-1, Xl (3.44 for oxygen or water or carbonate or hydroxyl electro negativity on Pauling 206 
scale) ligand and XM metal electro negativities.  Optical electro negativities have values 207 
comparable to Pauling electro negativities if we take C= 30000 cm-1.  The observed 208 
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energies in zoisite gave XM average of 2.07 and 2.20 for clino-zoisite and 2.09 for chrom-209 
zoisite.  This values are nearly agreeing with Fe (1,80 to1.90) Pauling electro negativity 210 
than Mn(1.55) and Cr(1.66).  If we take Xm  for silicon (1.90) and gives an obscured 211 
value  The ratio of any two successive charge transfer bands energy ratio is almost same 212 
(1.15) in all the minerals and is constant.  This suggests that metal ion is surrounded by 213 
only oxygen ligands but not silicon.  214 
 215 
Conclusions 216 
 217 
 Zoisite group of minerals used in the present study contain ferric iron, manganese 218 
and chromium transition metal ions in the minerals with low concentrations. 219 
  The EPR studies indicate the presence of  Fe(III)  and Mn(II) centers, having g 220 
values 6.30, 4.35 and 2.96 in zoisite and 6.70, 4.30 in clino-zoisite for Fe(III) and 6.3, 221 
4.10  and 2.95 in chrome-zoisite.  This also indicates that Fe(III) is in octahedral 222 
structure.  Even at low temperature no changes are observed in the EPR spectrum.  The 223 
results of EPR investigations reported in the present study conclusively prove that the site 224 
symmetry of Fe(III) ion in the minerals is in  octahedral site.  Using low temperature EPR 225 
spectrum chromium is identified.  In all the samples the NIR results are due to water 226 
fundamentals.  The charge transfer spectra further suggesting that the metal ion is 227 
surrounded by only oxygen ligands. 228 
 229 
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Fig.1 EPR spectrum of Zoisite at RT (ν=9.37978GHz). 269 
 270 
Fig.2 EPR spectrum of Clinozoisite at RT (ν=9.38376 GHz). 271 
 272 
Fig.3 EPR spectrum of Chromium-zoisite at RT (ν=9.38064 GHz). 273 
 274 
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Fig.  7.Charge transfer spectrum  of Zoisite mineral at room temperature 288 
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 291 
Fig. 8  Charge transfer spectrum of clino-zoisite mineral at room temperature 292 
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Figure 9 296 
